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Abstract — We have developed the first L-band membrane-
based active phased array. The antenna is a 16x16 eement
patch array with dimensions of 2.3mx2.6m. The array uses
membrane-compatible Transmit/Receive (T/R) modules for
electronic beam steering. We will discuss the antenna design,
the fabrication of this large array, the T/R module
development, the signal distribution approach and the
measured results of thearray.

. INTRODUCTION

Future Earth Science and defense related phasay arr
radar missions require electronically steerablgeaperture
antennas in Geosynchronous, Medium and Low Eartfit<Or
(GEO, MEO or LEO) [1-5]. Steerable, lightweightased
arrays also have application in lunar and planataissions
for topography of the Moon and other planets. @otional
phased-array antenna technologies with a masstyerfis-
15kg/nt (for antenna, electronics and structure) will metet
the goals of these future space-based Synthetiatukpe
Radar (SAR) missions due to their large mass, stmwme
and cost. Current systems use rigid manifolds her
electronic components are individually packaged and
integrated onto panels. In order to realize varge aperture
(>200nt) spaceborne radar missions, ultra-lightweightvacti
phased-array antennas are required. One prommsatigod
of dramatically reducing the weight, volume andoagged
cost of space-based radar is to replace the canmantarge
manifold antenna architecture with a flexible tfilm
membrane antenna, such as JPL's membrane patcinante
[6, 7]. This revolutionary antenna concept hasnbee
successfully demonstrated as a passive array antefihe
next step to increase performance of the membratenza
is to demonstrate an active array. This requireembrane-
compatible Transmit/Receive (T/R) module to achitiby

active phased-array capability. We have been wgrkin
developing new architectures and technologies eglab
large active arrays and the integration of T/R nheslwvith
flexible membrane antennas.

In our previous tasks funded by Earth Science
Technology Office (ESTO) we developed a 2x4 element
active array [7] and an 8x16 passive array [8]isMork is
an expansion on the previous work and addresseasshes
related to developing a large active membrane array

II. MEMBRANE ARRAY ARCHITECTURE

The antenna consists of two separate membraneslayer
See Fig. 1 for unit cell detail. One membrane (ahehas
the active Transmit/Receive (T/R) electronics (Lal/eside
A) and the RF and DC distribution networks (Layesitles
A and B connected through vias) as well as thergiqlane
(Layer 1, side B). The second membrane (Layer 8)daae
dielectric on side A and the radiating patcheside 8. A
slot etched in the Layer 1 ground plane feeds tatehp
antenna in Layer 2, with no physical connectiomieen the
layers [9]. A microstrip connected to the T/R madun side
A feeds the signal to the slot in side B.

Although the application requires one Transmit/Rexe
module per element, for cost-saving purposes, s th
demonstration we used a sparse array with one Toiua
per 4 patch elements. Fig. 2 shows a collapsed gfegur
16x16 array, with the critical elements on all lsye
combined into a single view. The antenna consift$6o
individual 2x8 arrays that are seamed togetherchEx8
section includes etched copper lines for the DGyt@band
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Figure 1. Membrane radar unit cell detail.
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Figure 2. Collapsed view of the16x16 element spansgy with 1 TR for 4 elements. Location of one piamis shown.

RF distribution that feed the T/R modules and thterna DuPont™ Pyralux® AP panels for this antenna. We als
elements in that panel. For this demo we used J6-wa  developed a technique for feeding RF signals frame o
dividers (consisting of 2 segments of 8-way diviein the panel to the next using RF jumpers while maintajntime
right and left-hand-side of the array for RF signal proper line impedance, which is critical for RFreds. See
distribution. The use of the divider is only praatifor this Figure 2 for the location of one of these jumpers.

demonstration because for larger arrays the 16¢duager
introduces a gap in the array that will create iggatobes
(unwanted sidelobes) in the antenna pattern. Fayela
antennas required for our MEO application we need t
develop a compact and integrated power divider.

We also developed a seaming technique to creatge |
array from smaller panels. These seams are negessar
because handling, etching and processing an entre
10mx40m antenna (expected size of a MEO SAR) is
impossible and the material not available. We deed
and evaluated a seaming method that provides murffic
mechanical strength and minimizes misalignment. e Th
antenna design requires that each patch on therentee
aligned with its corresponding feed within a totera of
2.54 mm from the nominal. Since the antenna seagea
substrate, including RF traces (layer 1, sides A Bnof
Figure 1) and RF grounding (layer 1, side B of Fggl)) it is
also necessary to provide electrical continuityhef ground
plane and continuity of the RF traces. To achidwe
required ground plane continuity, we used a contlwnaof
various Kapton tapes as well as conductive and non-
conductive epoxies for the seams. The details@fdaming
technique are discussed in [8]. Figure 3 showslifl6
element array and Figure 4 is a close-up of thigyarThe
seams are visible in Fig. 4. We used (61cmx127cm)

Figure 3: 16x16 element active membrane array. Xheyers of
the array are flipped to reveal 2 of the T/R modutkat are
mounted on Layer 1, side A (per notation in Fig. 1)
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The details of the T/R modulese discussed in [8]. Figure 5 Figure 6: Antenna transmit patterns f6rsBeering angle.
shows the T/R module with its cover removed. Figurg
and 4 show the covered T/Rs mounted on the antdrma.
miniaturize the T/R module we used bare die for Rfe 0 ; B
portions of the module. The assembly challengetiis || —— Messured Copal | |
module is its hybrid, mixed technology constructishere 10 ==--- simued -] -

we assembled the bare die and packaged parts trging
same process.
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Figure 7: Antenna transmit patterns for®Heering angle.
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IV. MEASUREDRESULTS

We tested this active phased array using a plaear n
field range at JPL. Figures 6, 7 and 8 show theutated
and measured E-plane transmit patterns at our rcente a0
frequency of 1.26GHz as we scanned the beam. The i
scanning is achieved by adjusting the phase shidtlere in ‘
the T/R modules. We achieved good results up tosgan I
angle. Figures included here show results for Sognn s
angles of & 10° and 20. We also conducted measurements Andle [deg]
in receive mode and observed similar results. Hoeive
mode plots are not shown. The near field scanh@vedl us Figure 8: Antenna transmit patterns for’2@eering angle.
to check the health of each T/R module during rigstivVe
noted that several of the T/R modules did not hine
expected gain during these tests; they might haenb
damaged during the assembly of the array. The agnee
between the measured and simulated results withdar
improve with 100% healthy T/Rs.

-30

Relative Power [dB]

R -
=zek

~
"




V. CONCLUSION ANDFUTURE WORK

We developed techniques compatible with constroaio
multi-layer large active membrane arrays. Theskriggies
include alignment, seaming and routing of RF signal
build a large array using smaller panels. We atsehbped
miniaturized membrane-compatible T/R modules.
demonstrated a 16x16 element active array to eteline
manufacturing techniques discussed above and ttay ar
design.

To further

We

deployment concept which is ready for implementatio
when future technology development opportunitiesobee
available. In this paper we also discussed the rfaedn
integrated divider instead of the 16 way divideowh in
Figure 2. Since the completion of this task themeehbeen
advances in flexible circuit fabrication that wéllow the
integration of the divider with the rest of theagsr
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develop membrane-based phased array
technology we need to address the deployment of the
antenna. As part of this work we developed a new
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